Title: Reverse Direct Detection: Cosmic Ray Tests of Dark Matter Scattering
Date: Jul 20, 2017 04:50 PM

URL: http://pirsa.org/17070014

Abstract:

Pirsa: 17070014 Page 1/22



Reverse Direct Detection:
Cosmic Ray tests of Light Dark Matter

170X XXXXX

Kenny, Chun Yu Ng

Y75 1727 1o Weizmann Institute of Science

irsa: 17070014 Page 2/22




-
-

3

>

-

1

-

|

-

Pirsa: 17070014

Page 3/22



Reverse Direct Detection:
Cosmic Ray tests of Light Dark Matter

170X XXXXX

Christopher Cappiello John Beacom

Kenny, Chun Yu Ng

Y75 1) o Weizmann Institute of Science

irsa: 17070014 Page 4/22
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Light Dark Matter

 CMB spectral _ Sk
distortion

Ali-Haimoud,Chluba, Kamionkowski
1506.04745

* Gamma rays
from CR-DM
IEERe

interaction

Cyburt, Fields, Pavlidou, Wandelt 29

astro-ph/0203240 10 10% 10° 107 1023 102 10 10° 10Y
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Light Dark Matter

 CMB spectral
distortion

Ali-Haimoud,Chluba, Kamionkowski
1506.04745

* Gamma rays
from CR-DM
inelastic
Interaction

Cyburt, Fields, Pavlidou, Wandelt )
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Cosmic rays in the Galaxy

* |sotropy -> diffusion like propagation

* Secondary nuclei -> cosmic-ray interactions and
confinement L o

) Ginzburg, Ptuskin
* Cosmic-ray beam on DM target RevModPhys.48.161
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Dark Matter column density

Grammage ~10 g/cm”2 @ 10 GeV
~ DM grammage

Line of tau=1

“Best possible” reach 1629 Ly suualundd
6 105
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Cosmic-ray energy loss

 Slightly better Order of magnitude estimate.

* Energy loss

* Order 1 energy loss

I

dmyp(1 + ﬁ)ﬁ (1 —cosé)

10729 ——,l A A LLL ' AI.IJ“IJ A llll.lill -t llllu.\i. ;l l.llll.l.ll A llllllll. .
10° 10 10% 10”7 10% 10! 10°
m, [GEV]
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A toy CR model with DM energy loss

* Protons N() +£{i{.\-(s‘-,
_ _ Teee = dE | dt’ ]
* The Leaky box approximation

* Simple energy loss model € _ p [T do
. . dt — m, J dl’
— Elastic scattering

— Energy-independent cross
section
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CR model without DM

Sigma = 1e-29.0
Mx= 1le-6 GeV

Cream + AMS

— +5% systematic

Broken power
law injection
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CR model without DM

Sigma = 1e-29.0
Mx= 1le-6 GeV

Cream + AMS

— +5% systematic

Broken power
law injection

TP GeVE Tm s isr ]

E?

-
L=}
=

Without DM

- With DM
A A CREAM

: 10°
Kinetic Energy [ GeV ]

Page 16/22



The effect of DM Scattering on CR

Sigma = 1e-27.5
Mx= 1le-6 GeV

Fix

— Inject- index

B[ GeV Tm fs s ]

Without DM
- With DM
A A CREAM

— Break- index P4 ams

2 Tloss
— Tesc
1

E*

— Break-energy

-
LR |

Vary
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The effect of DM Scattering on CR

Sigma = 1e-25.0
Mx= 1e-2 GeV
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The effect of DM Scattering on CR

Sigma = 1e-25.0
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The effect of DM Scattering on CR

Sigma=1e-25.4
Mx= 1e-3 GeV

Fix
— Break-energy

Vary

— Inject-norm
— Tesc index
— Inject- index

Break- index
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Final result

Fix
— Break-energy

L id

Vary
— Inject-norm
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Summary

* CR - DM elastic scattering can induce CR energy loss
— Spectral distortion

* New limit for light dark matter
— Cover previously unexplored parameter space
— Xsec too large for direct detection
— Available now!

* More to follow!
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